Purpose: Chromosomal alterations are a major cause of clinically recognized abortions. So cryptic chromosomal rearrangements could be responsible for recurrent miscarriages.
INTRODUCTION
A major cause of clinically recognized abortions is genetic. The main chromosomal abnormalities include autosomal trisomies, polyploidy, monosomy X, and unbalanced structural rearrangements. In addition, chromosomal translocation is the most common structural rearrangement involved in recurrent miscarriage (1) . Unbalanced chromosomal rearrangements involving telomeres are emerging as an important cause of mental retardation and congenital malformations in humans. As suggested by several authors (2, 3) , these kinds of rearrangements could also be responsible for recurrent miscarriages, being, in these cases, one of the parents a carrier of the balanced translocation.
Cytogenetic analysis at a 400-550-band resolution is the standard methodology employed when a chromosomal rearrangement is suspected. However, rearrangements smaller than five megabases cannot be detected. So, it is necessary to employ specific techniques to detect these kind of small translocations. Fluorescence in situ hybridization (FISH) with specific probes can detect chromosomal rearrangements affecting the subtelomeric regions.
The aim of this study was to investigate the presence of subtelomeric translocations in couples with recurrent miscarriages. A cryptic translocation between chromosomes 2 and 3 was detected in a woman with normal gynaecologic and hormonal examinations, who had seven miscarriages and no viable offspring. 
MATERIALS AND METHODS
This study was performed on 18 clinically normal couples who have had at least four spontaneous abortions, or more than two spontaneous abortions together with infants with congenital anomalies. The more frequent causes of abortions were previously excluded in these patients and conventional cytogenetic analysis in peripheral blood, at a 400-550-band resolution, resulted normal in all of them.
Specific probes for chromosomal telomeric regions (ToTelVysion TM Multi-Color, VYSIS, Downers Grove, IL) were used for FISH experiments following the recommended manufacturer's protocols with minor modifications. This specific set consists of 62 DNA FISH probes distributed in 15 mixtures, where all telomeres are represented except the acrocentric short arms [13, 14, 15, 21, and 22]. The hybridization volume could be reduced to 0.8 µL by the use of immunofluorescence slides containing eight wells of 6 mm diameter. Approximately, 1.5 µL of cellular suspension was dropped on each well. After examination with a phase-contrast microscope, 15 wells containing the metaphases of better quality were selected for posterior hybridization under standard conditions. After hybridization, every mix of probes was evaluated in a minimum of 10 metaphases by using a Nikon Eclipse E600 microscope (Tokyo, Japan) and the Quips R Imaging Software (VYSIS, Downers Grove, IL).
RESULTS
Among the 36 individuals studied, one subtelomeric translocation was detected. In a woman who had seven miscarriages and no viable offspring, the karyotype appeared normal at 550-band resolution. The analysis of the complete subtelomeric probe set allowed to detect a subtelomeric translocation between 2p and 3p chromosomes. The 2p probe signal was observed on one chromosome 2p and on the short arm of one chromosome 3. Whereas, as expected, the probe 3p was observed on one chromosome 3p and on the derivative chromosome 2p (Fig. 1) . No other member of her family has been studied so far, so we do not know whether this translocation was inherited or arose de novo. However, no remarkable familial antecedents were reported, except for sporadic abortions in two siblings and her mother (three abortions among a total of 18 pregnancies), which corresponds to the usual spontaneous abortion rate (Fig. 2) .
The rest of the couples showed normal results for the complete subtelomeric probe set.
DISCUSSION
In a systematic screening of patients with recurrent miscarriages using subtelomeric probes, we have found one subtelomeric translocation among 18 couples. As far as we know, all the similar studies have reported only three cases with subtelomeric chromosomal rearrangements in a total of 175 couples (4-8).
The relative incidence of these rearrangements described among couples with recurrent miscarriages usually ranges from 0 to 2%, close to the frequency found in the present study, 5% (Table I) . Only one study, on a very short series, found an exceptionally high 20% positive findings (1/5 couples) (5) .
The cryptic subtelomeric translocation found in the present study apparently is the cause of fetal loss of this woman (seven miscarriages and no viable offspring). In a search of the literature, we failed to find any case carrying the unbalanced del2pter/dup3pter or the dup2pter/del3pter translocations. So we do not know whether these chromosomal imbalances are viable or not. However, several living patients bearing longer 2p duplications or deletions, as well as longer 3p duplications or deletions have been reported previously, usually associated to a syndromic condition.
Therefore these rearrangements can be in principle viable. Furthermore, de Vries et al. (9) found a lower proportion of recurrent miscarriages among families of patients with known subtelomeric translocations than among families of patients with mental retardation without these rearrangements.
However, a question remains to be solved: the expected probability that all the seven gestations were generated from gametes bearing the corresponding unbalanced translocation is very low (0.5 7 ). On one hand a possible explanation may be that this translocation predisposes to malsegregation of chromosomes during gametogenesis, and consequently to pregnancy losses. On the other hand, we cannot reject the possibility that an additional unknown cause as a gene truncated by the chromosomal translocation, is contributing to the reproductive failure of the carrier woman. These hypotheses deserve further consideration.
In conclusion, subtelomeric translocations may be the cause of multiple miscarriage although in a rather small percentage of cases. The high economical and labor costs of these studies make its clinical application impractical. However, given that subtle chromosomal anomalies are also estimated to be implied in 3-20% patients with idiopathic mental retardation (10), when a couple have had not only abortions but also offspring with mental and physical anomalies, this kind of studies can be considered worthy. Initial studies should focus on the affected child or abortion specimen, in order to detect unbalanced rearrangements. Currently there are alternative techniques, such as multiplex ligation-dependent probe amplification (MLPA) (11) , that allow a mere rapid and cost-effective detection of this kind of imbalances, whose results would lead to posterior analysis of parents and other relatives.
CONCLUSIONS
Subtelomeric rearrangements are infrequently related with multiple miscarriages. This kind of studies can be considered specially worthy when a couple have had not only abortions but also offspring with mental and physical anomalies. A more practical approach would be to focus the initial studies on the affected child or fetus, when possible, in order to detect putative rearrangements in a cost-effective manner.
